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APPARATUS AND METHOD TO TREAT A DISEASE PROCESS IN A 


LUMINAL STRUCTURE 

This application is a continuation-in-part of application 
Serial No. 09/271,063, filed March 17, 1999, incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus and a method 
to treat a disease process in a luminal structure. Such a 
structure includes, but is not limited to, veins, arteries, 
bypass graft prostheses, the gastrointestinal (GI) tract, 
the biliary tract, the genitourinary (GU) tract, and the 
respiratory tract (e.g. the tracheobronchial tree) . 

Within this application several publications are referenced 
by Arabic numerals within parentheses. Full citations for 
these and other publications may be found at the end of the 
specification immediately preceding the claims. The 
disclosures of all of these publications in their 
entireties are hereby incorporated by reference into this 
application in order to more fully describe the state of 
the art to which this invention pertains. 

Percutaneous transluminal coronary angioplasty ("PCTA") is 
commonly used in the treatment of coronary artery 
obstruction, with over 400,000 procedures performed 
annually. The process involves the insertion of balloon 
catheters through the femoral artery to the targeted 
coronary artery. Injection of radio-opaque contrast into 
the proximal coronary artery allows fluoroscopic 
localization of stenosed coronary segments. Balloon 
catheters are advanced to the site of stenosis over 
extremely thin guide wires to position the catheter at the 
point of occlusion. The distal end of the catheter 
contains a balloon which is inflated for 2-4 minutes to the 
full diameter of the occluded artery, decreasing the 
blockacre and improvinq blood flow. 


Approximately 40% of patients undergoing this procedure 
have angiographic evidence of restenosis by 12 months. The 
biological processes responsible for restenosis are not 
fully understood, but appear to result from abnormal 
proliferation of the "insulted" smooth muscle cells and 
neointima formation in the segment of treated artery (6) . 
Although coronary artery blockage is a non-malignant 
disease, it has been suggested that treatment of the 
internal vessel walls with ionizing radiation could inhibit 
cell growth, and delay or even prevent restenosis (4, 7, 
10-13) . 

Several groups have presented data demonstrating that 10-2 0 
Gray of acute radiation delivered locally, via the 
temporary insertion of high activity gamma emitters at the 
time of angioplasty can inhibit restenosis in animal models 

(12,13). It has also been demonstrated that permanent 
radioactive coronary stents may be effective (10) . Highly 
localized external beam therapy has been suggested as well 

(7,11) . Most data to date have been obtained using animal 
models, but anecdotal reports suggest that radioactive 
treatment of human femoral arteries produces similar 
results (2) . Preliminary human trials are being planned at 
several centers in the U.S. and Europe. 

Preliminary studies have made use of currently available 
radioactive sources as none have been specifically designed 
for intracoronary treatments. Several manufacturers are 
considering modified High Dose Rate (HDR) afterloaders for 
this purpose. 

As stated above, restenosis after arterial intervention in 
general, PTCA in particular, seem to be primarily due to 
medial smooth muscle cell proliferation. Conventional PTCA 
is performed using a balloon catheter such an over- the-wire 
type catheter manufactured, for example, by Scimed Life 
Systems, Inc, of Maple Grove, Minnesota or a mono-rail type 
catheter manufactured, for example, by Advanced 
Cardiovascular Systems, Inc, of Temecula, California. Fig. 
1 depicts such a conventional over-the-wire balloon 
catheter 1. The conventional balloon catheter 1 is 
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utilized in an angioplasty procedure as follows. A 
conventional guidewire 2 is inserted into the patient's 
artery until the distal end of the guidewire 2 is past a 
target area (not shown) of the artery (not shown) where 
5 there is a buildup of material. The conventional balloon 

catheter 1 has a lumen 3 running therethrough. The 
guidewire 2 is inserted into the distal end of the balloon 
catheter 1 and the balloon catheter 1 is advanced over the 
guidewire until the balloon section la of the balloon 
10 catheter 1 is adjacent the buildup of material. The 

£3 balloon section la is then inflated by an inflation means 

(not show) connected to an inflation port lb to clear the 
p§ artery. Finally, the balloon section la is deflated, the 

[d balloon catheter 1 is pulled back up the guidewire and 

^ 15 removed and the guidewire is likewise removed from the 

,1 patient's artery. 

3 Current technology contemplates different types of devices 

y for the prevention of restenosis after arterial 

■ I 20 interventions. In one type, an arterial stent type is 

J designed for long term deployment within the artery. Such 

h a stent, if designed to emit radiation, would be in place 

long after the time necessary for the prevention of smooth 
muscle cell proliferation at the arterial site. United 
25 States Patent No. 5,059,166 to Fischell describes such a 

long term stent. 

Another type of device for preventing restenosis 
contemplates the delivery of unspecified doses of radiation 

3 0 via radioactive catheters and guidewires. These devices 

utilize a movable, flexible radiation shield. However, it 
is questionable whether such a radiation shield could be 
constructed given the thickness of material required to 
shield the radiation source and the flexibility required to 

3 5 allow delivery of the radiation source and shield to the 

coronary site. United States Patent No. 5,213,561 to 
Weinstein relates to a device of this type. 

Another type of device uses radioactive balloons which are 
40 typically inserted into a luminal structure in a deflated 

condition, and inflated with radioactive fluid after 
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insertion. After a treatment period, the fluid is 
evacuated from the balloon and the device is removed. With 
such a system, there is always the risk that the balloon 
could rupture or leak resulting in radioactive fluid 
5 passing into the luminal structure. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
10 arrangement and method for treating a disease process or 

processes in a luminal structure or structures . Such 
structure or structures include , but are not limited to, 
veins, arteries, bypass graft prostheses, the 
gastrointestinal (GI) tract, the biliary tract, the 
15 genitourinary (GU) tract, and the respiratory tract (e.g. 

the tracheobronchial tree) . The diseases to be treated by 
the invention include proliferative diseases (both 
malignant and non-malignant) . 

2 0 It is another object of the present invention to provide an 

arrangement for reducing restenosis after arterial or 
vascular intervention in a patient, or reducing 
proliferation from neoplastic or other proliferating 
diseases. Such intervention includes, but is not limited 

25 to, balloon angioplasty, atherectomy, stent placement, 

arterial grafts, and arteriovenous fistula. 

It is a further object of the present invention to provide 
an arrangement for reducing restenosis after vascular 
30 intervention in the patient by delivering a dosage of 

radiation to the patient's artery at a target area. 

It is a further object of the present invention to provide 
an arrangement for reducing restenosis after vascular 

35 intervention in the patient by delivering a radioactive 

dosage to the patient's artery at a target area while 
eliminating contact between the radioactive source and the 
patient's body fluids. One such way to eliminate contact 
is to position a radioactive source energy away from body 

40 fluids. 
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The present invention provides an alternative to a 
radioactive balloon delivery system for treating 
restinosis . 


5 In accordance with the present invention, an apparatus and 

method are provided for treating a disease process inside 
a luminal structure. The present invention provides a tube 
segment to be used in conjunction with an angioplasty 
balloon catheter. The tube segment is adapted to be 
10 carried by and either cover or be covered by a balloon 

portion of a balloon catheter for insertion into the 
luminal structure. The tube segment includes radioactive 
material for producing radiation for treating a disease 
process . 
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According to one aspect of the present invention, a tube 
segment is provided for treating a disease process in a 
luminal structure. The tube segment includes radioactive 
material for delivering radiation for treating a disease 

2 0 process, and is adapted to be carried by a balloon catheter 

for insertion in the luminal structure. 

According to another form of the invention, an apparatus 
for treating a disease process in a luminal structure is 
25 provided, comprising a balloon catheter having an 

inflatable balloon and a tube segment adapted to be carried 
by and cover said balloon. The tube segment includes 
radioactive material. 

3 0 According to another form of the invention, an apparatus is 

provided for treating a disease process in a luminal 
structure, comprising a balloon catheter having a shaft 
with an inflatable balloon and a tube segment mounted on 
the shaft inside of said balloon, said tube segment 
35 including radioactive material. 

According to another aspect of the invention, a method for 
treating a disease process in a luminal structure is 
provided comprising, inserting a balloon catheter into a 
40 luminal structure, said balloon catheter having an 

inflatable balloon and a tube segment containing 
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radioactive material, inflating the balloon to contact the 
interior of the luminal structure, deflating the balloon 
and removing the balloon catheter after a desired radiation 
dose has been achieved. 

5 

According to another aspect of the invention; a method for 
treating a disease process in a luminal structure is 
provided comprising inserting a balloon catheter into a 
luminal structure, said balloon catheter having an 

10 inflatable balloon and an expansible tube segment on the 

outside of the balloon with radioactive material, inflating 
the balloon to thereby expand the tube segment, deflating 
the balloon causing the tube segment to reduce in size and 
removing the balloon catheter and tube segment from the 

15 luminal structure. 

The radioactive material may be in the form of a coating on 
the tube segment. Alternatively or in addition, the tube 
segment may comprise a mixture of radioactive material and 
20 non-radioactive material. The tube segment may comprise 

non-radioactive material into which is absorbed radioactive 
material , 

These and other advantages will become apparent from the 
25 detailed description, accompanying the claims and attached 

drawing figures . 


BRIEF DESCRIPTION OF THE DRAWINGS 


Fig. 1 shows the construction of a conventional over-the- 
wire type balloon catheter; 

Fig. 2 shows the construction of a radioactive tube segment 
with balloon catheter according to a first embodiment of 
the present invention; 

Fig. 3 shows the construction of a radioactive tube segment 
with balloon catheter according to a second embodiment of 
the present invention; and 

Fig. 4 shows the construction of a tube segment as part of 
a tube according to a third embodiment of the invention, 
which may either include radioactive material, or 
radioactive shielding material. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 


10 
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According to one aspect of the present invention, a tube 
segment is provided for treating a disease process in a 
luminal structure. The tube segment includes radioactive 
material for delivering radiation for treating a disease 
process, and is adapted to be carried by a balloon catheter 
for insertion in the luminal structure. 

The radioactive material may be in the form of a coating. 

The tube segment may comprise a mixture of radioactive 
material and non-radioactive material. 

The tube segment may comprise non- radioactive material into 
which is adsorbed radioactive material. 

The tube segment may be made of expandable and collapsible 

2 0 material, whereby its shape is determined by the shape of 

the balloon. 

The tube segment may be located in the interior of or on 
the exterior of the balloon. If exterior, the tube segment 
25 has adhesive material on its inner surface, for adhesing 

the tube segment to a balloon. 

If expandable, the radioactive material is present in a 
predetermined dosage per surface area of the tube segment 

3 0 when the tube segment is in an unexpanded state, wherein 

the dosage changes as the tube segment is inflated. 

The sleeve may be expandable in a range of sizes. 

35 According to another form of the invention, an apparatus 

for treating a disease process in a luminal structure is 
provided, comprising a balloon catheter having an 
inflatable balloon and a tube segment adapted to be carried 
by and cover said balloon. The tube segment includes 

40 radioactive material. 
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The tube segment may be attached to the balloon or shaft by 
heat sealing or adhesive or may constitute the terminal 
portion of a long tubular catheter which can be 
independently moved along the balloon catheter. 

5 

According to another form of the invention, an apparatus is 
provided for treating a disease process in a luminal 
structure, comprising a balloon catheter having a shaft 
with an inflatable balloon and a tube segment mounted on 
10 the shaft inside of said balloon, said tube segment 

including radioactive material. 

According to another aspect of the invention, a method for 
treating a disease process in a luminal structure is 
15 provided comprising, inserting a balloon catheter into a 

luminal structure, said balloon catheter having an 
inflatable balloon and a tube segment containing 
radioactive material, inflating the balloon to move the 
tube segment closer to the interior of the luminal 
Hj 2 0 structure, deflating the balloon and removing the balloon 

catheter after a desired radiation dose has been achieved. 

According to another aspect of the invention, a method for 
treating a disease process in a luminal structure is 
25 provided comprising inserting a balloon catheter into a 

luminal structure, said balloon catheter having an 
inflatable balloon and an expansible tube segment on the 
outside of the balloon with radioactive material, inflating 
the balloon to thereby expand the tube segment, deflating 
3 0 the balloon causing the tube segment to reduce in size and 

removing the balloon catheter and tube segment from the 
luminal structure . 


The tube segment used with the balloon may be selected from 
35 a plurality of differently sized tube segments, activities, 

and isotope sources. 


According to another aspect of the invention, a balloon 
catheter has a balloon mounted on its distal end, the 
40 balloon being expandable and contractable upon filling and 

evacuating the balloon using fluid, which fluid can be a 
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gaseous phase, liquid phase, or combination. The catheter 
may have one or more lumens for receiving a guide wire for 
locating and positioning the balloon catheter in or near 
luminal structure of a patient, for treating a disease 
process in the lumen such as plaque. The catheter may not 
have any guidewire lumen. 

The invention may be used to treat or prevent a disease 
process. As used herein, the term "treat" or "treating" is 
used in its broad sense and includes inhibiting and 
preventing a disease process or condition, as well as 
treating in the narrow sense. 

The invention may be used to treat a luminal structure or 
areas in the vicinity of a luminal structure. As used 
herein the term "vicinity of a luminal structure" includes 
areas adjacent to or in proximity with, as well as the 
luminal structure itself. 

The balloon alone is neither made of nor does it contain 
any radioactive material. However, a tube segment is 
provided which is radioactive. The tube segment may be 
located inside the balloon or outside the balloon. The 
tube segment has radioactive material as an ingredient or 
coating, or has had radioactive material absorbed into the 
tube segment. If coated, the tube segment may be coated on 
the inner cylindrical surface or outer cylindrical surface. 
If absorbed, the tube segment could be treated by exposing 
it to a radioactive isotope species. For a tube segment 
inside the balloon, the segment composition could include 
a radioactive metallic sheet or metallic coil attached to 
the catheter shaft . 

While it is preferred that the radioactive material be 
applied to the tube segment at the time of manufacture, it 
may be applied at the time of use by the user, at least for 
the embodiment wherein the tube segment is located outside 
the balloon. A host of methods for attaching radioactive 
moieties to plastic surfaces are known. In general, 
proteins, nucleic acids, and smaller molecules may be 
adsorbed either covalently or by ionic bonding to various 
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plastics (15-17) . Also existing are techniques to 
radioactively modify proteins or nucleic acids (18-24) . 
For additional plastic composition and radioactive source 
bonding data see (25) and the documents cited therein. The 
5 material of the sleeve may require physical modification, 

such as flame treatment, corona or plasma treatments, 
ultraviolet laser, x-ray, gammaray, electron beam, ion beam 
treatments, metallization or sputtering. In order to 
immobolize the radioactive source (or sources) the material 

10 of the sleeve may also require chemical modification such 

as Web treatments, including, but not limited to, etching 
of f luoropolymers , surface oxidation and etching, 
hydrolysis, and f unct ionalizat ion, or surface grafting. 
Depending upon ultimate isotope species utilized polymer 

15 blend surface or block copolymer surfaces may be 

advantageous . 

Examples of radioisotopes that may be used are radio 
isotopes that decay with emission of beta plus or beta 

2 0 minus radiation, that have a half -life of between 

approximately 1 and 72 hours, that have an average decay 
energy of approximately 500-2000keV, and that have 
radiation intensity of greater than or equal to 
approximately 50%, said radiation intensity being measured 

2 5 in % per decay, and may be selected from the group 

consisting of NA-24, SI-31, K-42, SC-43, SC-44, CO-55, MN- 
56, CU-61, NI-65, GA-66, GA-68, ZN-71, GA-72, AS-72, SE-73, 
BR-75, AS-76, BR-76, GE-77, KR-77, AS-78, Y-85, KR-87, ZR- 
87, NB-89, Y-90, NB-90, SR-91, Y-92, Y-93, ZR-97, IN-110, 

30 AG-112, AG- 113, SB-122, SN-127, TE-129, BA-139, LA- 14 0, LA- 

141, LA-142, PR-142, PR-145, TB-148, PM-150, EU-152, H0- 
166, RE-188, RE-190, 1R-194, BI-212, and radioactive 
sodium-chloride . 

35 In a typical use, doses of 5-5 Gray should be applied to a 

length of 2-60 cm of the vessel wall, which is 1-8 mm in 
diameter. The dose distribution should preferably be 
tightly confined to the region of the angioplasty, with 
greatly reduced doses to normal vessels and the myocardia 

4 0 or nearby organs. Typical dose rates on the order of 0.5- 

5 0 Gray/minute should preferably be used in order to limit 
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treatment times within tolerable limits particularly in to 
coronary tree . 

Fig. 2 shows a balloon catheter according to a first 
5 embodiment of the present invention, which can also be used 

to perform the method according to the present invention. 
The apparatus is particularly suited for delivering 
radioactive doses to the coronary artery. The preferred 
embodiment will be described with reference to the coronary 
10 artery, but this is by way of example, and not limitation, 

as the present invention may also be used to deliver 
radiation to or from other luminal structures. 


The apparatus comprises a balloon catheter 10 with a 
15 guidewire lumen 12 extending entirely through the balloon 

catheter 10. The guidewire lumen 12 is sized to fit around 
a guidewire 14 and to allow the guidewire 14 to slide 
therein. The length of guidewire 14 is sufficient to allow 
it to extend past a target segment of the artery and it may 
20 be, for example, greater than about 110 cm for use in the 

coronary artery. For use in other arteries, the length of 
guidewire 14 may also be greater than about 110 cm or it 
may be less. 

25 The outside diameter of the guidewire 14 may be about 0.014 

inch and in this case the inside diameter of the guidewire 
lumen 12 is slightly larger, to permit movement of the 
balloon catheter 10 over the guidewire 14. Of course, as 
mentioned above, the catheter need not have a guidewire 

3 0 lumen. 


A balloon inflation port 16 allows inflation of the balloon 
section 18 at the distal end of the balloon catheter 10 in 
the conventional manner. 

Inflation port 16 is in communication, through a lumen 2 0 
in the catheter, to port 22 located in the inside of the 
balloon 18. 


40 


Disposed inside the balloon 18 is a tube segment 24. The 
tube segment 24 contains radioactive material, either 
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integral, absorbed, adsorbed, coated or in any other manner 
to integrate or combine it with the tube segment 24. 

Fig. 3 shows another embodiment of a balloon catheter with 
a tube segment, except in contrast to the embodiment of 
Fig. 2, here the tube segment is located on the outside of 
the balloon. 

If the tube segment is outside to the balloon, the tube 
segment may be expansible and collapsible, having its shape 
and size determined by the balloon. The tube segment may 
be attachable to the balloon by adhesive material or by 
heat sealing . 

The tube segment may be formed by employing a polymer 
material incorporating a fairly long half life radioisotope 
(preferably a beta emitter) which is extruded in a tube 
form, which is then cut to form a tube segment. The tube 
segment is annealed to a balloon angioplasty shaft and 
subsequently a balloon covering may be placed over the 
shaft . 

Alternatively, the tube segment may be moveable and 
radioactive only in its distal portion. The balloon would 
be positioned first, followed by positioning of an exterior 
tube, the distal end of which is radioactive and comprises 
the tube segment, as shown in Fig. 4, wherein the tube 
segment having radioactive material is shown hatched, the 
remainder of the tube unhatched and not having radioactive 
material . 

The radioactivity may be on the order of 5-500 millicuries 
per centimeter length. Optionally the balloon would be 
highly compliant , allowing one standard balloon size to 
accommodate arterial diameters of 1.5 to 8 mm. 
Alternatively, it may be desireable to use non-compliant 
material and have different sized tube segments for each 
sized balloon. The inner tube segment member containing 
the radioisotope would not be inflated, and is located away 
from the inflation lumen for the balloon. Thus, the 
balloon, rather than the tube segment, is directly 
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inflatable. To improve treatment times, the balloon 
catheter may be inflated using inert gas such as C0 2 or 
Argon. This would reduce the amount of intracatheter 
absorption of beta particles prior to entering the vessel 
5 wall . 

The tube segment or conduit preferably has the shape such 
that its inner and outer walls are concentric, with equal 
or substantially equal wall thickness around its 

10 circumference and longitudinal lengths. However, it may be 

desirable in some cases to have an eccentric tube with 
unequal wall thickness around its circumference or to have 
the wall thickness otherwise vary around its circumference 
and/or along its length. In this way the radiation dose 

15 may vary axially or longitudinally. 

For a tube segment which is positioned outside the balloon, 
the tube segment or conduit is extruded, possibly using a 
relatively high complaint material having a minimum 

20 radioresistance value of 2.5X10 6 Gy. A central length 

portion of the tube of a length of about 1-60 cm has its 
surface activated with a radio- isotope . One example of 
such an activation process is using a plasma or a chemical 
coating. The isotope solution is brought into contact with 

25 the activated surface to allow adsorption, absorption or 

bonding with tube segment. The tube segment is then rinsed 
and dried. The tube segment or portion thereof may then be 
mounted over an existing balloon on the shaft of 
angioplasty catheter. The ends of the tube segment may be 

30 attached to the balloon or catheter shaft by adhesive 

bonding or heat sealing. The tube segment may thus be 
inflated indirectly by inflating the balloon inside the 
tube segment . 

3 5 For a tube segment or coil which is mounted inside of a 

balloon, the tube segment should preferably be positioned 
at the target site of an angioplasty catheter prior to the 
balloon being mounted to the catheter. To start, the tube 
segment is extruded from a material such as plastic 

40 containing a radioactive isotope or coated as described 

above, or a metallic tube segment is activated or 
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impregnated with radioisotope. The dimensions of the tube 
segment are substantially the same as the dimensions of the 
catheter shaft in the radial direction, and comparable to 
the active balloon length (e.g., 5mm-60cm) in the 
longitudinal direction. The tube segment material may be 
a polymer containing a radioisotope of, e.g. P 32 or Y 90 , and 
is thus itself radioactive. 

The tube segment is then positioned on the shaft of a 
catheter and is annealed to the shaft, clear of the 
inflation port. A balloon may then be positioned over the 
segment of the shaft carrying the radioactive tube segment 
and attached to the shaft such as by annealing. The 
balloon is mounted over the inflation port, so that the 
balloon may be inflated by an inflation gas such as Ar or 
Co 2 . The balloon material may be a highly elastic radiation 
resistant polymer . 

For both types of tube segments, i.e., exterior and 
interior to the balloon, because the radioactive isotope is 
affixed to the solid phase of the tube segment, risk of 
patient contamination with radioisotope is minimized, even 
if the balloon ruptures, compared to radioactive inflation 
fluid approach. 

For both types of tube segments, there is no need for 
additional hardware, such as an afterloader with its 
typical attendant costs of $250-350k, to position solid, 
high activity radioactive sources in the blood vessel. 

The invention provides minimal radiation disposal problems 
for users. A user may simply cut off the distal portion of 
the catheter containing the radioactive material and place 
the cut off portion in a radioactive waste disposal 
container for decay. The remaining body of the catheter is 
non-radioactive and may be handled routinely. 

An interior mounted tube segment according to the invention 
has advantages compared to a liquid balloon because a tube 
segment poses essentially no risk of radioactive 
contamination of a patient in the event of balloon rupture. 
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Th e tube segment may be prepared in a controlled factory 
environment, compared to a balloon which is dose filled on 
site by the end user and thus subject to variance in dose 
rates . 

As used herein, the term "distensibility" refers to the 
ability to vary ultimate balloon diameter over a range of 
sizes, e.g. diameter of 1.5 -5mm, based on pressure of 
inflating medium, i.e. liquid and/or gas. 

The present invention provides potential distensibility, 
dosing, and safety advantages. Considering the same 
distensible balloon with fixed radioactive coating in a 2mm 
diameter artery versus a 4mm diameter artery, the density 
of radioactive material varies approximately proportional 
to l/r 2 , where r is the radius. Thus the dose rate will be 
at least four fold slower. Therefore, radiation dosing in 
a small vessel will be significantly briefer in duration 
than in a large vessel. 

The invention provides various ways to incorporate a 
radioactive isotope in or on a tube segment. One such way 
is by charge coating radioisotope material to the tube 
segment. For anionic radioisotopes, the surface of an 
extruded tube segment may be treated to produce a strongly 
cationic surface, for example, with polyethylenimine (PEI) 
with or without plasma treatments. Descriptions of such 
treatments may be found in U.S. Patent No. 4,332,916 which 
is incorporated by reference herein. The anionic 

radioisotope solution is subsequently applied. Colloidal 
silica in small amounts may be added to increase the 
capacity for anions. 

To coat a tube segment for use external to the balloon the 
following process may be employed. The tube segment is 
first extruded as a tube. The inner surface of the tube 
can then optionally be plasma treated, following the 
teachings of, e.g., U.S. Patent No. 5,296,714, which is 
incorporated herein by reference. The surface of the tube 
is then coated with material to produce a cationic (or 
anionic) surface, e.g. PEI. The tube is then dried. The 
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tube is then incubated with anionic (or cationic) 
radioisotope solution, and then rinsed and dried. The 
resultant tube or tube segment may then be mounted over the 
existing balloon. 

5 

An internal tube segment for use inside a balloon may be 
made according to the following process. A tube or tube 
segment is first extruded having a diameter comparable to 
the shaft of the balloon catheter, with the extruded 

10 material including radioisotope as a complex. The typical 

activity of the radioactive isotope may be 1 millicurie to 
1 curie per cm length. The typical length of the tube 
segment may be 5mm to 50cm. The tube segment is then 
mounted onto the shaft and is sealed. The balloon is then 

15 mounted over the shaft and tube segment. An 

inflation/deflation port is provided to inflate/deflate the 
balloon. 

The operation of an apparatus to reduce restenosis after 

2 0 arterial intervention according to the first embodiment of 

the present invention may be as follows. First a guidewire 
is inserted into the patient's artery. The distal end of 
the guidewire is inserted at least as far as, and 
preferably past the target site, that is, the site that is 

25 to receive the dose of radiation. The near end of the 

guidewire is then inserted into the guidewire lumen and the 
balloon catheter is moved down the guidewire towards the 
distal end until the balloon section and tube segment are 
adjacent the target site. The balloon section may then 

30 inflated and deflated by balloon inf lation/def lation 

inflation means connected to the balloon inflation port. 

The radioactive tube segment may be left in place until a 
desired dosage of radiation has been delivered to the 

3 5 target area. The length of time that the tube segment is 

left adjacent the target area depends upon the activity of 
its radioactive sources the diameter of the artery at the 
target area, and the desired dosage to be delivered. 


40 


Alternatively, a guidewire may be inserted into the artery 
as described above and a conventional balloon catheter 
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( without a tube segment) is placed over the guidewire and 
advanced to the target area to be inflated, deflated, and 
removed from the artery. After removal from the artery, 
the balloon catheter of the instant invention, now with the 
tube segment, may be placed over the guidewire utilizing 
the guidewire lumen and located adjacent the target area in 
order to allow the tube segment to deliver a dosage of 
radiation to the target area as described above. This 
procedure permits the use of a conventional balloon 
catheter to perform an angioplasty procedure before the 
tube segment of the instant invention is utilized to 
deliver a dose of radiation. 

The inventive device and method may also be applied to 
delivery of radiation in and around other luminal 
structures in a similar manner. 

The present invention provides for delivery of radioactive 
material in non-fluid form, which minimizes the risk of 
patient exposure to radioactive fluid due to rupture 
removes the operator from the vicinity of the radioactive 
fluid, and reduces the reduces the risk of a spill of 
radioactive fluid . 

The balloon portion of the catheter may be formed of a 
medical plastic material typically chosen from the group 
consisting of polyethylene, PET, and Nylon. 

In another form of the invention as the radioactive 
material is included in the balloon, and the tube segment 
serves as a shield or protective cover to reduce the 
radioactivity of the balloon when covered by the tube 
segment, such as when the balloon is being moved to the 
treatment location. After being deployed at the desired 
site, the tube segment is moved longitudinally relative to 
expose the balloon to increase the radioactive dose to the 
treatment location. After the desired radioactive dose is 
applied to the treatment location, the balloon may be 
deflated and tube segment may be moved longitudinally again 
to cover the balloon, and the balloon may be removed from 
the treatment location. The tube segment may have 
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absorbing or shielding material which is particularly 
effective in absorbing radioactive material to increase its 
shielding capability. The tube segment may be mounted on 
the distal end of a tube. 

The balloon may be provided with radioactive material in 
the same manner as the tube segment was so provided in the 
other embodiments, and may have a radioactive coating or be 
inflated with radioactive fluid. 

It must be noted that although the present invention is 
described by reference to particular embodiments thereof, 
many changes and modifications of the invention may become 
apparent to those skilled in the art without departing from 
the spirit and scope of the invention as set forth in the 
claims . 
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